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_FOREWORD _

The work described in this report was authorized under Project
1C6224014102, Chemical Agent Warning and Detection Techniques (U).,
This work was started 9 December 1965 and completed 31 July 1967. The
experimental data are contained in notebsoks KSU-182311-DLD-6 to
KSU-182311-DLD-11 and KSU~182311i-RES-3 toc KSU-182311-RES-5,

Reproduction of this document in whole or in part is prohibited
except with the permission of the CO, Edgewood Arsenal, ATTN: SMUEA-
RPR, Edgewood Arsenal, Maryland 21010; however, Defense Documentation
Center is authorized to reproduce the document for United States
Government purposes.

Reference to a company and/or product name in this report is
only for purposes of information and does not imply approval or
recommendation of the product to the exclusion of others, which may
also be suitable.

The information in this report has nct been cleared for release
to the general public. -
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DIGEST

Mass spectrometric studies of trimethyl phosphorothionate,
triphenyl phosphite, diallyl phosphite, diallyl allylphosphonate,
triallyl phosphite, triallyl phosphate, and diphenyl phosphite were
made to obtain more fundamental information for use in determining
the ionization and dissociative ionization processes that occur
upon electron impact with these organophosphorus compounds. Mass
spectra, appearance potentials, clastograms and metastable transitioms
obtained in these studies are reported. These results are discussed
in relation to a better understanding of the fragmentation pathways
in this class of compounds. A summary table of all results
determined under this contract is included;, and a brief catalog,
with literature references, of the mass spectra of organophcsphorus
compounds summarizes much of the available iiterature. Future
correlative activities are suggested.




STATEMENT OF PROBLEM .

BACKGROUND , . . &

APPROACH TO THE PROBLEM

RESULTS . . o .« &
DISCUSSION , . . «
CONCLUSIONS . ., .
LITERATURE CITED .
APPENDIX ., . . o

DISTRIBUTION LIST

°

°

TABLE OF

CONTENTS

DOCUMENT CONTROL DATA - R&D,

AND KEYWORD LIST

e

o

°

o

°

°

°

WITH ABSTRACT

12

13

15

35

57

i ol R



[

L ot -

St o~

.

TPy -

ION PHENOMENA

1. STATEMENT OF PROBLEM

This work was initiated in order (1) to obtailn mass spectra,
(2) to make energetic studies by appearance potentlals, and
clastogram determinations, (3) to utilize metastable transition
measurements in determining fragmentation pathways, and (4) to
form negative parent mclecule ions by bombardment of biologiczally
active compounds containing P, N, and S by means c¢f a polonium-2.0
alpha particle source.

2. _BACKGROUND

Preliminary investigatione >f organophcephorus zompounds &'ich
as GB and GD have indicated that theee biclogically active materials
are ionized at low potentials (ca- 11.5eV' and that st electron
energies above approxinately 15 eV there 1s signifizant :ragmentation
of the parent positive ion. However, the ionizaticn and dissc-tative
ionization processes are poorly understood, attributable large. . tc
a lack of fundamental information concerning similar prdiesses in
simpler organophosphorus compounds  Beca.se littie cr no infc:maticn
is available about the processes in the biolcg:izally active compcunds,
it is necessary to study both the simpler and the mcre zomplex
organcphosphorus molecules.

The study of both the pcsitive and negative i:ns tormed in the
ionization and dissociaticn processes 1s impcrtant 0 understandiag
the fragmentation processes that occur. It has been repcrted the®
the G agents capture low energy electrons to form parent negative
ions, but almost certainly other negatively charged rragment 1ons
will be formed with higher energy electrons thrcugh dissociative
electron attachment No information ;s available abs.t negative
ion clastograms thet would indicate possible rcutes ¢ tragmentazion
of these species.

3. APPROACH TO THE PROBLEM.

3.1 Materials

The materials to be studied included :zrimethyi phosph.::thicnate,
triphenyl phosphite, diallyl phosphite, diailiyi aliyipnospncnaze,
triallyl phoephite, triallyl phcsphate, and diphenyl phrspn:te

-
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3.2. Equipment ‘

The Bendix time-of-flight mass spectrometer, together with 1§3
various modifications, has been described in previous reports.

3.3. Techniques of Study

The {echniques of study have been osutlined in detail in earlier
reports,

4, RESULTS

4.1, Trimethyl Phosphorothionate

Appearance potentials for twelve icns tormed by electron impact
from trimethyl phosphorothionate are given in Tablie 1. Prccesses for
the formation of five ions are suggested, based on the energetics
and clastcgram data.

4,2, Triphenyl Phosphite

The 70 eV mass spectrum of triphenyl phosphite was determined and
is shown in Figure 1. The clastogram for this mclecule is shown in
Figures 2 and 3. The appearance potentials l:isted in Table 2 indizate
that the major ions in the mass spectrum of this compound are due to
phenol, probably formed by thermal decomposition of the sample. Thus,

the base peak at m/q = 94 has an appearance poctential of 8 8 =20.2eV '
as determined by electren impact, and the photsiznization value for
the ionization potential of phenol 1s known to be 8.5 eV, ¢ Thie

comparison and the other data of Table z strongly suggest that the
majority of the ions below m/q = 94 are due to phencl. The small
quantities of ions at m/q = 149, 156 and 167 preciuded appearance
potential measurements.

4.3. Diallyl Phosphite

The 70 ev mass spectrum of dﬁfllyl phcsphite was given 1in
Quarterly Frogress Report No. 5. ) The :lastcgram and several
preliminary appearance potential measurements 10: .c.ns formed from
this compound by electron impact were gi:2n 2isc .n that xepor:(
Table 3 given 1n the Appendix presents a mocre complete treatment
of the previous data.

4.4. Diallyl Allylphosphonate

In Table 4 are listed appearan:ze pcorentials tor thivteen 10ns
formed from diallyl allylphosphonate. However, snly tc: fo.: zons
have probable processes of formarion been indicated The ions ot
m/q = 79, 80 and 81 may be due t: PO3*, HEG," and HyPC.", b.: the
appearance potentials do nor support this i* will be ne:essaty :in

&
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future studies to utilize high resolution mass spectrometry in order
to positively identify these ions and thereby permit the process
assignments to be made from the energetics and observed metastable
transitions.

4,5, Triallyl Phosphite

Even as with diallyl allylphosphonate, the m/q = 79, 80 and 81
ions are not established with sufficient certainty to permit the
assignment of probable processes for these ions. Four icns rthat
involve simpler fragmentation have been assigned probable prccesses
in Table 5. Appearance potentials for twelve ions have been determined.

4,6, Triallyl Phosphate

Table 6 lists the principal ions in the 70 eV positive 121 mass
spectrum together with appearance potentiais determined for six
different ions using the energy compensaticr method. The etnsrgetic
data have been employed in assigning probable procesces where.er
possible. However, a lack of certain kncwledge of ccmpositicn of many
iong does not permit a more detailed analysis ¢t the fragmentation
processes at this time. The lcgari*hmi:c ‘last-graem fox this .ompo:nd
is given in Figures 4 and 5.

4./. Diphenyl Phosphite

The 70 eV mass spectrum, the cldstog.oam, adl some preslminaly
appearance potentials for diphenyl phosphite were given previiusly

1n Quarterly Progress Report No. 5 '®' Table 7 presznts evidence
that the majority of the mass spect-vws dz.ives trim phenil, evén as
was noted for triphenyl phosphite Apparently this v Jdue o rherumal
decompusition of these materiais; ithis should be studied 1o her in

future efforts.

5. DISCUSSION

5.1. Trimethyl Phosphorothionarte

Utilizing the metastable transition dota, the t1&sules ticm the
appearance potential determinations, dand the tlasucgrams octtained,
the following partial fragmentaticn scheze may be constr.cted.




-CH,0
(CH30) POHt ————~ CH,OPOH,*
1l 80

(CH40) ,PO*

=CH35 109
<CH,0
=CH,0 + =CH,S

(CH30) 3PS+-———> (cu30)21=sn+—-—> (cH30) Pt ——— cn3opoH"

Is6 126
<SH
-CH0
(CH30, yP* ———»- CH0PH
3 &3

From the metastable transition data, the second process in Table 1

for the formation of the m/q = 79 ion is preferred; thus, the value

of AHg(79%) = 126 kcal/mole 1s also preferred. This indicates that

the m/q = 79 icn is predominantly CH30P0H+0 The unique fragmentations
involving the retention and loss of the sulfur atom suggest either that
the CH3 group is very mobile or that rapid equilibria may be established
between isomeric forms of these gaseous ionic species.

5.2. Triphenyl Phosphite

In thet the mass spectrum and appearance potentials determined
suggest that phenol may be formed from this compound through thermal
decomposition, and that the present observations do not differentiate
any phenol from the ions formed directly from the title compound by
electron bombardment, no further discussion of the present results
is merited.

5.3. Diallyl Phosphite

The absence of the parent ion, and the very low appearance
potential for the lowest energetic requirement of the fragment ions
suggests that the ionization potential of the parent molecule is
approximately 10,0 eV, From the clastogram data and the appearance
potentials determined in this work, the following partial frajmentation
scheme has been constructed:

-0335
C3H50PO,H*, HPO4*
i 80
-C3H,
'C3H5 "Hz
HPO3* ———» P04+
(C3H50) ,POH* 81 79
182 ~C3H,,
\ ~C3Hj3
C3H50P (OH) 2* e H4P03*
122 83
10
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It ghould be noted that this scheme tor the fragmentatizn z: :izus
produced in the mass spectrum of diallyl phosphite is s1grnificantiy
different from that originally suggested in Quar<eriy Prcgress
Report No. 5.

5.4, Diallyl Allylphosphcnate

The following fragmentation scrneme for the unimo.ecular decompssition
of the diallyl allylphosphonate mclezular ion represents a mzd:fication
of that proposed earlier:

CH50POH™ HPC,~
-C3H,0 105 81
~cqH,

-C3H4
(C3H O)ZPG* ——i C3HSOP02H’

161 121 NEL
-CqHg / -C4H3 -C H, -H

- C3H50P02* —_— HPO3"-0 Po
(C3350)2P0(C3H5)
202

120 8 19
- -033\4\ -C3Hj

(C4H50) POHY ———» C3HsP (OH) 5°
162 123

-

3

The lowest appearance potential measured suggests that the t>nizs-ion
potential of diallyl allylphosphonate 1s approximately i0 Ocv,

5.5, Triallyl Phosphite

The additional studies of this molecuie have caused nc revision
in the fregmentation scheme proposed in Quarterly P:ogress Repc:-
No. 5. (8)" The 1onizaticn potential 18 estimazed *C be apg:cximate.y
8.8 ev, as determined from the lowest appearance potential mzasure-
in these etudies.

5.6.  Triallyl Phosphate

From the acquired appearance potentials and .laszogrc- 3ata,
the following fragmentation scheme ie prcpesed:

C3H5OPO 3H™
~C5H T, 13 P~

(C3Hg0) ;0*—2"% (C450) ;0" HEC "
218 * g 18 Kegats (8,080
H4PO,* C3HgOPO ,*

4 Va 3Fs5¥V 3
99 136

1i




From the appearance potential data, it 1s suggested that the ionization
potential of triallyl phosphate is approximately 9.8 eV,

5.7. Diphenyl Phosphite

Even as with the triphenyl phosphite, the mass spectrum and
appearance potentials suggest that phenol may be formed from this
compound through thermal decomposition. Therefore no further
discussion of the present results is merited.

6. CONCLUSIONS

It is suggested that future work concentrate on (1) negative
ions formed from the various organophospho:us compcunds, (2) high
resolution mass spectra and precise mass measurements to permit
the iden.ification of many of the positive ions formed from these
compounds, and (3) detailed metastable transition studies to
establish more fully the fragmentation pathways occurring in these
compounds. All of these data, together with that cbtained under
the present contract effort, should yield a reasonably satisfactory
body of information capable cof providing further insights from
correlative studies of the data.

Included in Table 8 in the Appendix is a complete summary of
all the findings obtained in these studies. This information, taken
together with that summarized in Table 9 and the varicus cther
literature-reported results, will provide future investigators
with much of the needed material, It is eas:ily concluded that even
the data of Tables 8 and 9 are not ccuplete and that additional
work will be necessary even in the ccrrelative effortes,

All remaining quantities of the G agents. EA materials, and
related substances have been destroyed by hyd:ciysis in strongly
alkaline Chlorox and 15% KOH in 50,50 v/v ethancl-water solutions
HD was similarly treated, except that cnly Chlorox was employed,
All materials and equipment, including the stcorage refrigerater,
have been decontaminated so that nc safety hazard remains Gas
masks and atropine sulfate syringes have been stored subject to
recall by Edgewood Arsenal.
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notentials, clastograms, and metastable transitions obtained in these studies are
renorted, These results are discussed in relation to a better understanding of the
“raementotion pathwavs in this class of compounds. A summary table of all results
ey i vder this contract is included, and a brief catalog, with literature
refercaces, of the mass spectra of organcophosphorus compounds summarizes much of the
availa»te literature, Future correlative activities are suggested.
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